Microscopical model of a doped fulleride electronic subsystem taking into account the triple orbital degeneracy of energy states is considered within the configurational-operator approach. Using the Green function method the energy spectrum of the model at integer band filling n = 1 is calculated, which case corresponds to AC60 compounds. Possible correlation-driven metal-insulator transition in the model is discussed.
due to icosahedral perturbation in the shell with L = 5; energy gap found experimentally is about 1eV for molecules in vacuum. A t 2g (LUMO+1)-state, originated from L = 6 shell, is found approximately 1eV above the t 1u LUMO.
Electron-electron correlations in C 60 are described by two main parameters: intra-molecular Coulomb repulsion U and Hund's coupling J H . In fullerenes the competition between intra-site Coulomb interaction (Hubbard U ) and delocalization processes, connected with translational motion of electrons (which determines the bandwidth), causes the realization of insulator or metallic state 14 . Majority of the experimental data and theoretical calculations indicate that all materials with ions C −n 60 at integer n are Mott-Hubbard insulators as U is quite large for all doped compounds A x C 60 . Fullerides A x C 60 doped with alkali metals A attract much attention of researchers due to unusual metal-insulator transition in these compounds. Only A 3 C 60 is metallic and other phases AC 60 , A 2 C 60 and A 4 C 60 are insulator 15 . This experimental fact contradicts to the results of band structure calculations (see 16 for example) which predict purely metallic behavior. It has been noted in paper 17 , that for explanation of metallic behavior of Mott-Hubbard system (x = 3 corresponds to the half-filling of the conduction band) one has to take into account a degeneracy of energy band. On the base of Gutzwiller variational approach the metal-insulator transition has been proven 17 to exist for all integer band fillings. It is shown that the critical value of Coulomb interaction parameter depends essentially on the band filling and degeneracy (in case of half filling Uc 2w ≃ 2, 8 for double degeneracy, Uc 2w ≃ 3, 9 for triple degeneracy). The present study is devoted to investigation of Mott-Hubbard localization in electronic subsystem of fullerides with strong electron correlations within the model taking into account the orbital degeneracy of energy levels, strong Coulomb interaction and correlated hopping of electrons.
II. THE HAMILTONIAN OF DOPED FULLERIDE ELECTRONIC SUBSYSTEM
Within the second quantization formalism the Hamiltonian of interacting electron systems can be written 18 as
where the first sum with matrix element
describes translational motion (hopping) of electrons in the crystal field V ion (r) and the second sum is the general expression for pair electron interactions described by matrix elements
In the above formulae a + iλσ , a iλσ are operators of spin-σ electron creation and annihilation in orbital state λ on lattice site i, respectively, indices α, β, γ, δ, λ denote orbital states, φ λi is wave-function in Wannier (site) representation other notation are standard. Hamiltonian (1) is essentially non-diagonal and hard to treat mathematically. The problem can be greatly simplified by neglecting the matrix elements of interaction of the third and further orders of magnitude and restrict oneself to consideration of a single orbital per site. In this way, Hamiltonian of Hubbard model and many other backbone models of strongly correlated electrons theory were derived. However, it has been shown that these models lack the possibility of description of electron-hole asymmetry, observed in real correlated electron systems. To maintain such possibility we are to consider the energy levels structure and estimate interaction parameters prior to make simplifications. Following papers 19, 20 we derive the Hamiltonial which takes into account the correlated hopping of electrons (the site-occupation dependence of hopping parameters results from taking into account the interactions with second order of magnitude matrix elements) and variety of intra-cite interactions caused by triple orbital degeneracy of LUMO in doped fullerites. Interaction integral of zeroth-order magnitude is on-site Coulomb correlation (characterized by Hubbard parameter U ):
In orbitally degenerate system, the on-site (Hund's rule) exchange integral
is of principal importance, too. Parameter U value for fullerenes have been estimated within different methods. Use of local density approximation (LDA) gives 3.0 eV 21, 22 . Experimental estimation of electron repulsion energy 23 gives U ≃ 2.7 eV.
It's worth to note, that in solid state molecules are placed close enough to provide substantial screening of interaction. Calculation with screening effect took into account give U 2.7 21, 22 . Combining Auger spectroscopy and photoemission spectroscopy lead to value 1.4-1.6 eV 24,25 for U . We also note that energy cost of electron configurations with spins aligned in parallel is considerably less than for anti-parallel alignment. Orbitally degenerate levels are filled according to Hund's rule. Experimental methods 24 for singlet-triplet splitting give 0.2 eV ± 0.1 eV; and in work 26 has the values close to 0.05 eV. The relevant inter-site parameters are electron hopping integral and inter-site exchange coupling J(iλjλ ′ jλiλ ′ ). The resulting Hamiltonian of doped fulleride electronic subsystem reads as
where
ij taking into account three types of correlated hopping of electrons 28 are introduced. In a model of triply degenerate band, every site can be in one of 64 configurations (see fig. 1 ). To pass from electron operator to Hubbard operators X pl of site transition from state |l to state |p we use relations of typê
which ensure the fulfilment of anticommutation relations {X 32, 33 . Using the root vector notations introduced in paper 34 allows to obtain much more compact form of Hamiltonian in configurational representation. However, in our case number of subbands is relatively small and we use bulky but simple notations which make the projection procedure used below more transparent.
In the configurational representation the model Hamiltonian takes the form H = H 0 +T . Here H 0 sums the "atomic limit" terms and the translational part may decomposed as T = n,m T nm , where n, m serve for numbering "atomic"
states. Terms T nn of the Hamiltonian form the energy subbands and terms of T nm describe the hybridization of these subbands. Different hopping integrals correspond to transitions in (or between) the different subbands. The subbands of higher-energy processes appear to be narrower due to the correlated hopping of electrons. The relative positions and overlapping of the subbands depends on the relations between the energy parameters. At integer values of electron concentration (n = 1, 2, 3, 4, 5) in the system the metal-insulator transition is possible.
In the partial case of band filling n = 1, strong Coulomb correlation and strong Hund's coupling (parameter U −3J H is much greater than the bandwidth, see estimations in papers 21, 22 ) the states with three and more electrons on the same site are excluded. Then the influence of correlated hopping can be described by three different hopping integrals. The bare band hopping integral t ij is renormalized to take into account the band narrowing caused by concentration dependent correlated hopping as t ij (n) = t ij (1 − τ 1 n). This hopping integral characterizes lower Hubbard subband. Parameter τ 1 is usually neglected, but it is of principle important for a consistent description of correlation effects in narrow band systems (see 19, 20 for a detailed discussion). The hopping integral for upper Hubbard subband is t ij (n) = t ij (n) + 2t ′ ij andt ij (n) = t ij (n) + t ′ ij describes a hybridization of lower and upper Hubbard subbands. In the following only the case n = 1 is considered so we omit the explicit notation of concentration dependence. Then the 000 00 Hamiltonian in X−operator representation 27 has the form
Green functions technique allows us to calculate the energy spectrum of the model which corresponds to the electronic subsystem of A x C 60 in the case of electron concentration n = 1. One can rewrite the single-particle Green function a iλσ |a + jλσ on the basis of relation between electronic operators and Hubbard's X-operators:
where the operator Y p describes the transition processes between doubly occupied Hund's state and single occupied state. The processes involving other type of doubly occupied states, empty states, states with three or more electrons is improbable due to energy scaling. In this way we obtain the following expression for the single electron Green function
Equation of motion for Green function X 000,↑00 p |X ↑00,000 p ′ has the form
and equation of motion for Green function Y p |X 000,↑00
To obtain closed system of equations for Green functions X 000,↑00 p |X ↑00,000 p ′ and Y p |X ↑00,000 p ′ we use the projection procedure similar to the work 28 :
[X 000,↑00 p
In this way, the energy spectrum depends on the concentration of doublons d (through the dependence of nonoperator coefficients). The doublon concentration is determined by the condition
Using the model rectangular density of states at zero temperature one obtains 6d = 1 4w
here Θ(−E(ε)) is Heaviside theta-function. Solving this equation numerically we obtain the doublon concentration as function of the model parameters. To study a metal-insulator transition (MIT) [35] [36] [37] we apply the gap criterion
In the point of MIT the polar states (holes and doublons) concentrations equals zero. Thus, for the non-operators coefficients we have ε
, and for the energy gap we have the equation
Here w = z|t|(1 − τ 1 ) andw = z|t|(1 − τ 1 )(1 − 2τ ) are the halfbandwidths of the lower and upper subbands, respectively, z is the number of nearest neighbours to a site, |t| is the magnitude of bare nearest-neighbour hopping
|tij | are the correlated hopping parameters. From the equation (24) one obtains that the critical value of the intra-cite Coulomb interaction parameter equals the sum of quasiparticle subbands halfbandwiths.
Analysis of the expression (24) allows explaining the differences of electrical characteristics (insulator or metallic state realisation) depending on the correlated hopping strength.
The correlated hopping influence substantially on electrical characteristics of narrow band material with three-fold orbital degeneracy of the energy levels. Both the filling of the sites involved into the hopping processes (through the correlated hopping of the first type) and the neighbor sites (through the second type correlated hopping), can lead to appearance of the gap in energy spectrum and stabilization of the insulator state. The energy gap, however, opens at relatively large increase of correlated hopping parameters which can not be achieved in a compound by change of external conditions only. Such critical increase of parameters τ 1 and τ can be realized at doping. A distinct picture is observed at the change of intra-site Coulomb interaction parameter. At increase of (U − 3J H )/w over a critical value (dependent on the correlated hopping strength) the energy gap occurs and the metal-insulator transition takes place. The critical value for the partial case of the model when the quasiparticle subbands have the same widths (in absence of the correlated hopping), is (U − 3J H )/w = 2 which corresponds to the result of works 28, 38 for non-degenerated Hubbard model.
III. CONCLUSIONS
Within the variant of triple orbitally degenerate model of the electronic subsystem of a doped fulleride compound considered above not only the on-site Coulomb correlations but also additional interactions of principal importance, namely the correlated hopping, can be introduced and analyzed. The use of Hubbard X-operators representation appears to be useful to exclude from consideration the parts of Hilbert space which are irrelevant at particular band filling. The ground state metal-insulator transition in the triply degenerate model of partially-filled doped fulleride band takes place at moderate values of the correlation parameter which in this case is a combination of on-site Coulomb repulsion energy, Hund's rule coupling and electron hopping parameters. The correlated hopping of electrons leads to further localization of current carriers. The influence of the correlated hopping is substantial and makes the estimation of the model parameters from the available spectroscopic data ambiguous. The problem can be resolved by the additional spectroscopic experiments with use of external pressure. In this case the reasonable estimates could 
